Background. While various screening systems are used worldwide for early detection of developmental delay (DD), Russia still does not have such a screening system in place, even though a good prognosis for the cognitive development of a child with DD depend strongly on the time of the diag nosis.
Introduction
screenings to detect DD significantly increased the number of diagnosed children and the timely intervention for children at an early age (Carroll, 2014) . Therefore, we aimed to create a system for screening diagnostics of mental development in 4-and 5-year-olds, specific to the Russian sample and allowing for the usage of technologies to obtain reliable results on the basis of a relatively small set of data.
Most studies of DD are based on the classical ideas about the factor structure of intelligence that is specified a priori in tests. However, the usage of structured tests with several types of tasks forming the subtests and factors significantly limits the possibility of studying the real factor structure of abilities, partly due to the questionnaire testing tradition and the manual processing of its results (Macmann & Barnett, 1994) . For the purpose of our study, a broader set of initial characteristics was chosen, which allowed for a looser grouping of the factors. We also carefully recorded the results of the child's performance on each task and took into account the performance success of each level of the task and the age of the child (up to one day), etc.
Method

Materials
For data collection, we used the multifactor study of the mental development tool as part of a software complex for longitudinal research (Ivanova, Miroshnikov, 2001) . It is a complex tool made up of formal observations and tests, which includes 502 tasks covering a wide range of abilities (from motor skills to cognitive and social development). The complexity of the tasks was chosen depending on the calendar age of the child (from 2 months to 7 years). The bank of tasks was formed on the basis of a survey of a large number of expert practitioner psychologists (the content of tasks is presented on the Internet resource of the project http://info11.testpsy.net). Most of the tasks used a categorical (dichotomous) response format: Yes = 2 (the child can perform a control action) or No = 1 (cannot). The baseline data included 847 dichotomous points: 236 points for 4-year-olds and 349 points for 5-year-olds were used in this study. Examples of the tasks are presented in Table 1 .
Procedure
The diagnosis of DD was established outside the scope of this study by other experts, representatives of advisory centers and commissions with the participation of neurologists, pathologists, and psychiatrists (1 -Norm, 2 -DD). Data collection was conducted by psychologists involved in psychological and pedagogical support of children in regular and specialized preschool educational institutions (Saint-Petersburg, Murmansk, Belgorod, and others in the period from 2015 to 2017). The diagnostics was performed as a part of routine testing of children after receiving written parental consents.
The sample
In total, 628 4-year-old (575 Norm, 53 DD) and 604 5-year-old children (527 Norm, 77 DD) were surveyed.
Statistical data analysis
The 236 variables (points) for 4-year-olds and 349 variables for 5-year-olds were processed separately for children of each age (4-and 5-year-olds) to: а) identify a set of scales most accurately predicting the diagnosis (belonging to the norm/DD group), which have a simple factor structure and sufficient reliability (according to Cronbach's alpha); b) explain the relationships between predictors and the relative contribution of the scales to the prediction of the diagnosis; and c) develop an algorithm for the rapid assessment of the risk of DD based on the results of the screening application. The analysis was carried out separately, but in the same sequence, for the sample of 4-and then 5-year-olds. All statistical analysis was performed using IBM SPSS software and AMOS version 25.
Results
Selection of variables
A discriminant analysis (DA) of the variables with a stepwise method was conducted to select a set of variables that would best predict group allocation (Norm, DD). More detailed statistical analysis is presented in the article (Nasledov et al., 2018) . The standard procedure for discriminant analysis was used (IBM SPSS Statistics 25), stepwise method, probability of F: entry 0.05; removal 0.1.; grouping variables: diagnosis (Norm, DD), independent: 236 variables for 4-year-olds, 349 for 5-yearolds. The result: list of variables included in the analysis at the last step of stepwise method application (56 variables for 4-year-olds and 52 for 5-year-olds).
The formation of scales
Using factor analysis (FA) and, thereafter, DA on the calculated factors, variables were selected according to the following requirements: each of the remaining variables was included in only one factor with a load of at least 0.4; each factor included at least five of these variables; calculated factors together provided the maximum accuracy of the diagnosis prediction (DA); the variables included in each factor formed a fairly reliable scale for internal consistency (Cronbach's alpha); the factor validity of the scales was verified by confirmatory factor analysis (AMOS).
For each age (4 and 5 years), a set of three factors, satisfying all the requirements, was obtained: 20 points for 4-year-olds, 19 points for 5-year-olds (6 to 7 points for each factor). The factors coincided by the type of variables united in each of them regardless of age (for 4-year-olds -simpler, for 5-year-olds -more complex): 1) "general awareness" (the breadth of the child's knowledge of the world), seven items for 4-year-olds, six items for 5-year-olds; 2) "motor skills" (sufficient development of gross-and fine-differentiated motor skills), seven items for 4-yearolds, six items for 5-year-olds; 3) "logical reasoning" (the ability to make a logical conclusion based on the comparison operation and consideration of the conditions of the task), six items for 4-year-olds, seven items for 5-year-olds. Examples of the tasks (items) are presented in Table 1 . Table 1 Task examples (items)
Age Task
Scale (Factor) General awareness 4-year-old Can give the names of wild animals (3-5).
Can give the names of some cities (1-2).
5-year-old
Can navigate in a sequence of days of the week. Can answer the question: "How old will you be in one year?" Scale (Factor) Motor skills 4-year-old Can draw a person. Can draw a triangle by looking at the example.
Can cut out paper with scissors on a simple contour. Can navigate in a sheet of checkered paper, performing tasks according to the instructions.
Scale (Factor) Logical reasoning 4-year-old Can distinguish objects by height. Can distinguish between true and false depicted in pictures.
Can explain what the car needs brakes for. Can answer the question: "What do an axe and a hammer have in common?"
Verification of reliability, relative contribution of scales and prognosis accuracy
To verify the stability of predictions with a given set of predictors, the whole sample was divided into two age groups according to the median of age (in days) of the DD groups: younger and older (median for 4-year-olds was 1,677 calendar days, median for 5-year-olds was 2,041 calendar days). The reliability of the scales (Cronbach's alpha) was separately defined for 4-and 5-year-olds and for parallel subgroups of the younger and older groups for each age. A sufficiently high reliability of each scale (from 0.779 to 0.922) was confirmed in the parallel subgroups.
The scales' values were calculated as the sum of their variables (for each age specifically). Checking the reliability of the scales (Cronbach's alpha) and the subsequent verification of the accuracy of the forecast (discriminant analysis) were carried out six times, three times for each age group (4 -and 5-year-olds): for the entire sample, for younger, and for older groups. In all six cases, the factors "logical reasoning, " "motor skills, " and "general awareness" made the biggest contribution to the accuracy of the diagnosis prediction (Norm/DD) in descending order: the higher their value, the stronger the probability of belonging to the norm. The sensitivity (accuracy of prediction of DD) and specificity (accuracy of prediction of norm) of the prognosis for 4-year-olds were not lower than 96.2%, and for 5-year-olds, a sensitivity not lower than 89.5%, and a specificity not lower than 97.5%. The sequence of analysis and the results for 4-year-olds are presented in more details in the article (Nasledov et al., 2018) .
Structural equation modeling (SEM)
was used to test the following assumptions: the selected scales are indicators of the general factor (G-factor), which is the main predictor of the diagnosis; age has an indirect impact on the diagnosis: the mediator of this effect is the G-factor. The verification was also carried six times on the samples of each age and their subgroups (younger and older).
All six models confirmed the initial assumptions on the indexes of agreement and statistical significance of parameters (Byrne, 2010) ; example one model is shown in Figure 1 (for 4-year-olds). The models differed only in the statistical significance of the influence of age on the separate scales: this effect was stronger for 4-year-olds, but weaker for 5-year-olds, until the loss of statistical significance for the subgroup of older 5-year children. The fit indices for the models are presented in Table 2 . All models are almost identical and correspond well to the original data. The model for younger 4-year-olds additionally included a negative relationship between errors e1 and e4 (β = -.21), and in the model for older 4-year-olds, the relationship age -> s1 (p > .1) is not statistically significant. In the model for all Note. Numbers at arrows -standardized regression coefficients; numbers at contours of variables -squares of multiple correlation; S1 -"general awareness", S2 -"motor skills", S3 -"logical reasoning. " 5-year-olds, the relationship age -> S3 ("logical reasoning") is not statistically reliable. For younger 5-year-olds, the influence of age on S2 ("motor skills") loses its statistical significance, and in the model for older 5-year-olds, age does not have a statistically significant effect on the other variables of the model. Development of test scales was aimed to divide groups into Norm and DD with maximum accuracy. The scales were constructed separately for 4 -and 5-yearolds. For this purpose, the results of DA were used to determine the discriminant function (DF) -an axis passing through the centroids of the separable classes (Norm, DD) and to estimate the probability of belonging to DD for each discriminant score (DS) of this function (Klecka, 1980) . As a result, nonstandardized DF coefficients (separately for 4-and 5-year-olds), included in the linear equation for calculating DS by predictor values (age in days, S1, S2, S3), were extracted:
where: A -intercept; B1 -B4 -DF coefficients; i -number of the child; DS iits discriminant assessment; S1 i , S2 i , S3 i -values of the corresponding scales for the child.
The calculated DS for the entire sample for each age group were the raw scores to be scaled. Both DS distributions differ significantly from the normal distribution with pronounced right-side asymmetry and a long tail toward negative values. Therefore, different variants of the nonlinear transformation of the scales were compared to develop norms. The 50-point percentile scales appeared to be the most accurate, in the construction of which the entire range of raw scores (DS) was divided into 50 intervals (2% of the sample per interval), and the upper limits of DS for each interval were calculated.
The developed scales demonstrate high accuracy of the prognosis. For 4-yearolds, the upper limit of the 12th percentile (P12) at 100% sensitivity (accuracy of prediction of DD) provided 96% specificity (accuracy of prediction of norm). And for 5-year-olds, the upper limit of P16 corresponded to 94.8% sensitivity and 95.4% specificity. It is believed that good screening should have a specificity of 70% to 80%, and sensitivity in the range of 70% to 80% is considered acceptable (Glascoe, 2005) . In most existing screenings, sensitivity is 82% and specificity is 78% (Tonelly, 2016) , that is, much lower than the expected accuracy of the scales developed in our study.
Discussion
The constructed scales differ significantly from standard ability tests because their contents are not determined by individual differences (development vectors) of normally developing children. The procedure of elimination of the scales determined contents: it was a vector that polarized to the best extent children at risk for DD from their peers without developmental problems.
The greatest difference between groups norm and DD was obtained on the following factors, specified in descending order of contribution: "logical reasoning, " "motor skills, " and "general awareness. " The factor "logical reasoning" was the most powerful predictor of DD. However, it should be emphasized that the prognostic ability of indicators is valid only in their totality.
Thus, the orientation of the scales is generally consistent with previous studies. For example, it was shown that the level of primary understanding of the concept of numbers in early childhood affects the development of logical reasoning in preschool age children (Clements, Sarama, 2007; Hollister Sandberg, 2010) . Also, it has been shown that 8-to 12-year-olds with borderline intellectual functioning have a relatively low capacity for logical reasoning capacity and for autonomy and social responsibility in everyday activity (Baglio et al., 2016) . The role of logical reasoning as a predictor of development for 4-to 5-year-old children is extremely important for Russia -in 67% of cases initially diagnosed children with DD in Russia have a speech delay (Isaev, 2017) , which naturally inhibits the formation of logical reasoning. The importance of motor development at different ages of early childhood and its impact on further cognitive development has been emphasized in many studies (Farber, Beteleva, 2005; Dornelas, et al., 2016; Hernandez, Cacola, 2015; Baglio et al., 2014; Cheng et al., 2014; Mithyantha et al., 2017) . It is known that at the age of 4, a typically developed child still maintains a close interaction between visual perception and motor activity, inherent at an earlier age; at this age, manual manipulations with objects are considered as an essential factor of visual identification (Farber, Beteleva, 2005) . Likewise, in a longitudinal study, it was shown that a delay in motor development in 2-year-old children as the most significant marker of DD, increases the likelihood of maintaining this diagnosis during the school years (Dornelas, et al., 2016) . While in another longitudinal study, it was shown that a high level of motor development during infancy determines the level of cognitive development in 4-year-olds (Hernandez, Cacola, 2015) . According to the results of an MRI study of 7-to 8-year-old children with DD in comparison with the norm, the most significant differences were recorded in parts of the brain associated with motor skills, perception, and the regulation of behavior (Baglio et al., 2014) . General awareness is considered as the width of a child's knowledge of the world; therefore, it is often used as a predictive marker of DD (Cheng et al., 2014; Mithyantha et al., 2017) . But it should be noted that general awareness can be trained to a much greater extent than the nonverbal abilities of the child, as was demonstrated in the study of the training for the Bright Start program for young children with developmental language delays (Tzuriel et al., 2017) .
The peculiarity of the scales is reflected not only in the process of their elaboration, but also in their effective application, which involves the use of computers, as focused on the fullest access to the obtained information (data on individual specifics of the tasks performance, the levels and complexities of tasks, etc., and the calendar age of a child up to the day). An attainment of the final result on the scales requires more complex calculations than is provided for in ordinary manual tests, but the widespread usage of computers by modern specialists will welcome the application of these types of scales in scientific studies and for practical assesments. Moreover, the use of computerized diagnostics optimizes the work of a specialist at all stages of the examination: an automation of the selection of the tasks and the stimulus, depending on the age of a child, and the preservation and consolidation of data processing with output, not just the numeric results, but also prior interpretations and possible recommendations.
Conclusion
The main result of this study is the elaboration of short scales for rapid (30 minutes) diagnosis (Norm/DD), allowing practitioners to quickly identify the risk group among 4-and 5-year-old children with a very high accuracy: at least 95%. It exceeds far more than existing standards for screening tests (Glascoe, 2005; Tonelly, 2016) . Currently, this scale can be used on the basis of data collected by the longitud program complex (Ivanova, Miroshnikov, 2001 ). In the future, as the scales expand to other age ranges, independent software will be created that is more concise in terms of data collection and is designed only for use in screening mode to identify children at high risk of DD. However, more detailed individual psychodiagnostics will be needed to clarify the diagnosis and classify a kind of developmental delay to a certain nosological group and to determine the necessary corrective measures. Thus, the expected effect of the application of the screening is an early detection of the risk of DD to change the potential trajectory of a child's development. The desired outcome of the screening is to optimize the work of psychological services, reducing the number of children requiring a detailed individual diagnosis, which takes a lot longer than screening.
Limitations
The scales are designed to identify a high risk of delayed development in a timely manner, when the lag has not yet become apparent and an accurate nosological classification is still hindered. In this respect, the obtained results in the primary examination (screening) by these scales should be considered as a basis for refining the child's educational route and planning further observations but not as a diagnosis. A specialist examination is always necessary for the final conclusion about the presence of DD and its particular type, regardless of the severity of the signs revealed during the first computerized assesment.
These scales are not intended for the examination of children with behavioral or other specific disorders that may affect the results of observations and the successfulness of the task performance.
